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§7. Electromagnetic Fields in the Sliding 
Waveguide 
Ohkubo, K., Kubo, S., Idei, H., Shimozuma, T., 
Yoshimura, Y., Leuterer, F. (Max-Planck Institut fur 
Plasmaphysik), Sato, M., Takita, Y. 
For adjusting length of long-line transmission 
system, electromagnetic (EM) analysis of the sliding 
waveguide, which consists of a corrugated waveguide 
and smooth-wall sleeve waveguides, is carried out from 
viewpoints of transmission loss and mode trapping. 
Discontinuities due to change in diameter at the input 
and output junctions reflect EM-waves. On the basis of 
mode matching method taken the reflection at junctions 
into consideration, scattering matrix with reflected 
and transmitted modes is obtained. In addition, using 
scattering matrix with smooth waveguide, EM-fields 
at the input and output of the smooth waveguide are 
analyzed by scattering transfer description 1) in the 
multi-mode network. 
The EM-field is expanded by waveguide-modes with 
unknown coefficients. These coefficients in equations de-
fined by boundary condition are solved by the least-
square method and then S-matrix is obtained. The 
scattering transfer matrices U and D at the up- and 
down-junctions are calculated. The the relation of out-
put modes with input ones in sliding waveguide is given 
three cascaded networks with transfer matrices U, F and 
D, where F is the diagonal matrix of smooth-waveguide. 
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An HEll mode of 84 GHz is injected into the sliding 
waveguide. Transmitted modes B sq and reflected 
modes Beq are solved numerically as a function of the 
sliding length L by substituting Ael = 1, Aeq = 0 (for 
q =f:. 1) , and Asq = O. By using calculated complex am-
plitudes of reflected modes HE1q and EH 1q to the input 
waveguide and the given input complex amplitudes, 
+z and -z propagating-mode amplitudes Asq and Bsq 
with TE lq and TM 1q at the junction plane are obtained. 
The transmitted hybrid modes at 84 GHz for HEll 
mode injection in the sliding waveguide, which is com-
posed of the corrugated waveguide with 88.9 mm<;i> and 
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the smooth-wall waveguide with 110 mm<;i>, are calcu-
lated as a function of sliding length L. With increasing 
L, near the sliding length with multi-half-wavelength 
in vacuum, transmission and reflection powers in the 
sliding waveguide change slightly, because the very 
small amount of standing wave in high higher-mode is 
produced resonantly. 
In Fig. 1, the total absolute electric field I Ey I in the 
smooth-wall waveguide for special lengths of L = 16.10 
mm is plotted as a function of z. In the peripheral re-
gion, standing wave patterns with nine peaks by higher 
modes of TM are observed clearly due to small ampli-
tude of low-order mode. In the central region nearly 
traveling wave patterns which is similar to HEll mode 
are also observed in both figures. Apparently the stand-
ing wave is produced by reflection between the the ends 
of waveguide inserted. It is also confirmed that the de-
crease in power of < 0.2% at 84 GHz is obtained for 2 cm 
in gap of the sliding waveguide including the resonant 
effect. 
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Fig. 1: I Ey III the smooth-wall waveguide for L 
16.10 mm 
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